Purpose: To determine the prevalence of chromosomal abnormalities in fetuses with prenatally diagnosed pleural effusions and to identify factors associated with an increased risk of aneuploidy. Methods: A retrospective analysis of the Genzyme Genetics database was performed for samples submitted from October 1994 to April 2003 with an indication of fetal pleural effusion. Results: There were 246 samples in which pleural effusion was identified as an indication for prenatal chromosome analysis. Ninety-four were from fetuses with isolated pleural effusions and 152 had other abnormalities in addition to pleural effusion. The prevalence of chromosome abnormalities was 35.4% (95% confidence interval, 29.2-41.4%). Among the eight first trimester samples, the aneuploidy rate was 63%. Pleural effusion cases associated with additional sonographic findings had a significantly higher aneuploidy rate than the isolated pleural effusion cases (50% vs. 12%, P Ͻ 0.001). Conclusions: Chromosome analysis is warranted after the prenatal detection of a fetal pleural effusion. The risk of aneuploidy is greater with first trimester detection and is significantly increased in the presence of other associated anomalies. Genet Med 2005:7(6):
Fetal pleural effusions may occur as an isolated finding or in association with other abnormalities such as fetal hydrops, lung tumors, cardiac anomalies, arrhythmias, and other congenital defects. Primary pleural effusions are most often chylous and constitute the majority of isolated fetal pleural effusions. Secondary effusions most commonly result from nonimmune hydrops. The incidence of fetal pleural effusion has been estimated to be one in 15,000 pregnancies. 1, 2 However, a recent prospective study performed in low-risk obstetric cases at 7 to 10 weeks gestation showed that fetal pleural effusion may be found in as high as 1.2% of all pregnancies. 3 The association of aneuploidy with prenatally diagnosed fetal pleural effusion is well known. 2, 4, 5 In these reports, aneuploidy rates for second and third trimester fetuses with pleural effusions have ranged from 3.2% to 5.8%. The risk of aneuploidy with first trimester diagnosis of pleural effusion is significantly greater. Hashimoto et al. identified chromosome abnormalities in 9 of 11 (82%) first trimester embryos and fetuses with pleural effusions. 3 Most series of prenatally diagnosed pleural effusions involve relatively small numbers of cases. A direct comparison of the aneuploidy rate between fetuses with isolated pleural effusions and those with other congenital anomalies or significant ultrasound findings has not, to our knowledge, been previously performed. This information may be valuable in providing genetic counseling and prognostic information to couples with a fetus prenatally diagnosed with a pleural effusion. We present our data involving the chromosome analysis of 246 fetuses with pleural effusions detected on prenatal ultrasonography to determine the factors associated with an increased risk of aneuploidy, the prevalence of chromosomal abnormalities and to compare the aneuploidy rate between fetuses with isolated pleural effusions and those with pleural effusions associated with other abnormalities. To our knowledge, this is the largest series of prenatally diagnosed pleural effusions reported.
MATERIALS AND METHODS
A systematic review was performed of the Genzyme Genetics database for samples submitted from October 1994 to April 2003 with an indication of fetal pleural effusion. Clinical indications for prenatal chromosome analysis, karyotype results, gestational age at the time of specimen collection, and type of specimen (amniotic fluid, fetal blood, cystic hygroma fluid, pleural fluid) were obtained. Cases were considered isolated pleural effusions if the only designation on the sonographic findings indication field of the requisition form that accompanied the sample was "pleural effusion." Specimens submitted in which there were additional written findings listed on the sonographic indication field besides pleural effusion were considered as pleural effusions associated with other abnormalities. Samples submitted with the referral indication of hydrops (without a specific notation of pleural effusion) were not included in the analysis. In these cases it was unclear if the hydrops involved compartments such as amniotic fluid, subcutaneous edema, pericardial effusions, and ascites and not pleural effusions. Other indications for an amniocentesis procedure such as advanced maternal age or positive multiple marker screen were not tabulated. Pregnancy outcome information was not available.
A chi-square test was used to compare the aneuploidy rate between fetuses with isolated pleural effusion and those with additional abnormalities. Statistical significance was defined as P Ͻ 0.05.
RESULTS
Two hundred and forty-six samples were included in the study. Most of these samples were amniotic fluid (230 cases, 93.5%). Fluid from cystic hygromas (7 cases), pleural effusion fluid (7 cases), and fetal blood (2 cases) constituted the remaining 16 prenatal diagnosis samples. Median gestational age at which specimens were collected was 20 weeks (range 10 to 37 weeks). There were eight first trimester samples submitted and five were aneuploid. There were 94 cases (38.5%; 95% confidence interval, 32.4 -44.5) of isolated pleural effusion and 152 cases (61.5%; 95% confidence interval, 55.5-67.6) of pleural effusions associated with additional sonographic abnormalities. Of the 152 fetuses with additional findings, there were 88 with a single additional abnormality and 64 cases with multiple additional abnormalities ( Table 1 ). The designations utilized on Table 1 are those provided by the referring physician. Twenty-four fetuses were identified as having a pleural effusion associated with either hydrops or anasarca without further characterization as to the other sites of excess fluid accumulation. As hydrops is defined as excess fluid accumulation in more than one fetal compartment, those fetuses identified with polyhydramnios, pericardial effusion, skin edema, or ascites would all be considered as hydropic. Cystic hygroma was the most common additional anomaly identified followed by hydrops or anasarca, ascites, thickened nuchal fold, polyhydramnios, and cardiac defects.
There were nine specimens (2 isolated pleural effusions and 7 involving additional anomalies) in which chromosomal analysis could not be successfully accomplished. All were due to failed cell growth in culture. Of the samples that did not grow, two were cystic hygroma fluid and one was amniotic fluid from a stillborn of unknown duration. Five of the seven cystic hygroma samples yielded cytogenetic results as did all seven pleural fluid samples and both fetal blood specimens. Among the 237 samples in which karyotypes were obtained, chromosomal abnormalities were found in 84 cases (35.3%, 95% confidence interval, 29.2-41.4%). The distribution of chromosomal findings is shown in Table 2 .
Eleven chromosomal abnormalities were identified in the isolated pleural effusion group (aneuploidy rate 12%, 95% confidence interval, 5.3-18.6%). These included six cases of trisomy 21, two unbalanced translocations, one case of trisomy 18, one mosaic trisomy 20, and one pericentric inversion of chromosome 16. There were 73 chromosomal abnormalities in fetuses with pleural effusions and additional anomalies (50%, 95% confidence interval, 41.9 to 58.1%). The difference in aneuploidy rate between the isolated pleural effusions and the nonisolated pleural effusions was statistically significant (P Ͻ 0.001). There were no cases of Turner syndrome (45,X) associated with an isolated pleural effusion whereas 25.3% (37 in 145) of fetuses with pleural effusions and other abnormalities had 45,X. Figure 1 graphically illustrates the distribution of chromosome findings in both groups.
There were 22 cases (8.9%) submitted with a written referral indication that included both an abnormal serum screen as well as a pleural effusion. Sixteen of these patients had abnormal chromosome results; nine were 45,X, four were trisomy 21 and two were trisomy 18. All but three of these cases had additional ultrasound findings in conjunction with pleural effusions.
DISCUSSION
The prenatal diagnosis of a pleural effusion carries a poor prognosis. About half of these fetuses do not survive. 1 The presence of hydrops and the detection of a pleural effusion at an early gestational age are additional factors that negatively affect survival. 1, 4 Whether bilateral effusions confer a worse prognosis than unilateral fluid accumulation in the fetal chest is controversial. Some investigators believe that bilateral effusions adversely affect survival, 1 whereas other investigators have reported that bilaterality has no effect on outcome. 4 In the current study, insufficient information on laterality was available to address this issue. Mortality is often due to pulmonary hypoplasia caused by external fluid compression of the fetal lung that results in impaired pulmonary development. Pulmonary hypoplasia can develop in as high as 30% of affected fetuses. 6 Since the advent of intrauterine therapy, including fetal thoracentesis and thoracoamniotic shunting, the mortality rate has improved, 4,7-9 especially in fetuses with isolated pleural effusions and normal chromosome complements. It is believed that drainage of the fetal pleural effusion may prevent associated complications such as hydrops, cardiac compression, and pulmonary hypoplasia. However, thoracentesis should be reserved for chromosomally normal fetuses with evidence of deterioration based on an increasing effusion size, cardiac compression, or hydrops. 7, 10 Nine percent of fetal pleural effusions have been reported to resolve spontaneously with no clinically significant adverse outcome. 5 The risk of chromosome abnormalities in second and third trimester fetuses with pleural effusions has been described in several series. [11] [12] [13] [14] A meta-analysis that reviewed the English literature and collected 124 cases of fetal pleural effusion from 38 reports found that the risk of aneuploidy was 3.2%. 4 Another review reported on 82 second and third trimester fetuses with isolated pleural effusions from 31 citations in the medical literature and found a 4.9% risk of Down syndrome. 5 A report by Achiron et al. 2 added 29 more cases and concluded that the risk of aneuploidy in a second or third trimester fetus with a pleural effusion was 5.8%.
In the present study, the prevalence of chromosome abnormalities among fetuses with isolated pleural effusions was 12%, and the overall prevalence of chromosomal abnormalities in all fetuses with prenatally detected pleural effusions was 35.3% (95% confidence interval, 29.2-41.4). This number is greater than that reported in many other previous series involving second and third trimester fetuses. 2, 4, 5 This difference may be due to a greater percentage of fetuses with additional (and often severe) anomalies in our study, including hydropic fetuses that had a pleural effusion as one of the findings. In addition, inclusion of eight first trimester samples that are known to be at higher risk for aneuploidy (in this series 63%) would increase the chromosomal abnormality rate. As ascertainment was based on submission of a fetal sample for prenatal cytogenetic analysis, the principal concern was to determine the chromosome status of the fetus and not to solely determine which fetuses would be candidates for in utero pleural-amniotic shunting. When examining cases with isolated pleural effusion, the risk of fetal aneuploidy (12%) is similar to previously reported series.
Twenty-two cases involved fetuses with both an abnormal maternal serum screen and a fetal pleural effusion detected on ultrasound examination. The risk of aneuploidy in this subset of patients was 19/22 (86%). It appears that if an abnormal maternal serum screen was coupled with a sonographically identified fetal pleural effusion, the likelihood of a chromosome abnormality increased dramatically.
However, given our small sample of available maternal serum data, this should be considered a preliminary observation regarding the likelihood of aneuploidy when a patient presents with an abnormal serum screen and a fetal pleural effusion.
Among first trimester pleural effusion cases identified at 7 to 10 weeks gestation, a very high risk of an abnormal karyotype (82%) and of spontaneous loss (86%) has been identified. 3 The authors concluded that the presence of a pleural effusion in the first trimester may be an early sign of impending fetal hydrops and subsequent demise. The vast majority of these losses were explained by chromosome abnormalities, especially 45,X, the most common aneuploidy among spontaneous losses. Our data confirms this observation as five of eight first trimester samples analyzed were chromosomally abnormal (63%) and three of these were 45,X. The risk of aneuploidy associated with a first trimester diagnosis of a pleural effusion (63%) was much greater than the frequency of aneuploidy in second and third trimester specimens (35%), but this did not reach statistical significance by Fisher exact test (P ϭ 0.13).
A concern in our study design was our reliance on data noted on the cytogenetic requisition form that accompanied the sample. It is possible that individuals who submitted the requisition forms may have completed them incorrectly or failed to include additional anomalies found in conjunction with a pleural effusion. This could result in some fetuses with multiple anomalies including a pleural effusion being classified as isolated pleural effusion cases. We attempted to contact the referring physicians who submitted these samples and obtain their ultrasound reports to verify whether the pleural effusion was isolated or not. Our efforts were unsuccessful in virtually all cases as physician offices were reluctant to share this medical information with us predominantly due to legal and confidentiality concerns. That our data revealed a 12% aneuploidy rate in the isolated pleural effusion cases and a 50% chromosome abnormality rate in those fetuses with multiple anomalies including a pleural effusion favors the conclusion that the ultrasound information provided on the requisition form was accurate. In addition, most samples were submitted by maternal-fetal medicine specialists with expertise in ultrasonography, another indication that the information provided on the specimen requisition form was likely correct. In addition, it would be expected that if mislabeling of the requisition form occurred, it would likely involve a failure to document the presence of a fetal pleural effusion and this would result in an under-ascertainment of pleural effusion cases.
It is interesting that there were 37 cases of 45,X detected among those fetuses with multiple anomalies including pleural effusion (the most prevalent chromosome abnormality in this group). A 45,X chromosome complement was never observed in a fetus with an isolated pleural effusion. To our knowledge, 45,X has been diagnosed only once in a second trimester fetus with an isolated pleural effusion. 15 Turner syndrome has been diagnosed in many first trimester fetuses with isolated pleural effusions. 3, 14 It is known that at least 98% of pregnancies with a 45,X karyotype die in utero and that this chromosome abnormality is commonly associated with cystic hygroma. In our series, cystic hygroma occurred in conjunction with fetal pleural effusion in 56 cases. This suggests that the etiology of cystic hygromas and pleural effusions are similar, likely due to lymphatic channel maldevelopment. It is also possible that pleural effusions may result as a secondary complication after the development of a cystic hygroma in fetuses with Turner syndrome. For genetic counseling purposes, this data can be used to reassure expectant parents carrying a fetus with an isolated pleural effusion that it is unlikely to be affected with a 45,X karyotype.
Sixteen alternative fetal fluid samples (other than amniotic fluid) were submitted. There were seven cystic hygroma fluid specimens, seven pleural fluid specimens, and two fetal blood samples. There were two failed cytogenetic analyses among the seven cystic hygroma fluid samples. The success rate of chromosome analysis from cystic hygroma fluid has been found to be 76% when samples of at least 5 mL are submitted. 15 Chromosome analysis from pleural fluid was successful in all seven samples in this series. Both the cystic hygroma and pleural fluid samples were handled identically as amniotic fluid specimens. Some investigators have advocated setting up these samples in a fashion similar to what would be performed on peripheral lymphocytes. The rationale is that cystic hygromas and pleural effusions (especially if derived from a chylothorax) may contain a predominance of lymphocytes. 16 When performed in this manner on two pleural effusion specimens, results were successful in both, and available in 3 to 4 days. The current series of seven chromosome analyses from pleural fluid specimens is, to our knowledge, the largest such a series reported. All seven samples were set up as fibroblast cultures (identical to amniotic fluid cultures) and yielded good cell growth and successful cytogenetic analysis.
In summary, numerous factors affect prognosis after the prenatal diagnosis of a fetal pleural effusion. The presence of additional anomalies, the finding of an abnormal serum screen conferring an increased risk of aneuploidy, and an early gestational age at diagnosis appear to be the three most important in identifying an increased risk of aneuploidy. The presence of hydrops, the severity of the effusion, any direct effect on fetal cardiac compression, and the likelihood of the effusion leading to pulmonary hypoplasia should also be considered. Chromosome analysis is warranted in all cases of prenatally diagnosed pleural effusions. If a positive serum screen is identified in conjunction with a fetal pleural effusion, the risk of aneuploidy was 86% in our series. The presence of additional anomalies in conjunction with the pleural effusion resulted in an aneuploidy rate of 50%. The most common chromosome abnormality in isolated fetal pleural effusions is trisomy 21. In our series, the risk of Down syndrome among isolated fetal pleural effusions was 6.3%. Turner syndrome was not identified in any fetus with an isolated pleural effusion. Among fetuses with pleural effusions and additional anomalies, the risk of aneu-ploidy was 50% and the most frequent chromosome abnormality was 45,X. This information is valuable in providing counseling to an expectant couple after the prenatal diagnosis of a fetal pleural effusion.
